Inverse Sumudu transform multiple shifting properties are used to design methodology for solving ordinary differential equations. Then algorithm applied to solve Whittaker and Zettl equations to get their new exact solutions and profiles which shown through Maple complex graphicals. Table of inverse Sumudu transforms for elementary functions given for supporting the differential equations solving using inverse Sumudu transform.
Introduction
Inverse Sumudu transform applied for Bessel's differential equation of order zero and solved with power series solution in [5] . New definition for Sumudu transform of trigonometric function by integrating the function followed by Sumudu inverting the new definition, trigonometric functions are expressed as new infinite series where the series coefficients are obtained by integrating the function and evaluating at the origin, with examples and table of such series of set of trigonometric functions given in [6] . Jacobi elliptic functions with two modulus denoting bimodular Jacobi elliptic functions are Sumudu transformed to expand as associated continued fractions, from which Hankel determinants are derived from those coefficients, all for higher powers and modular transformation studied by Belgacem and Silamabarasan . For more about Sumudu transform and its applications one may be referred to [3, 9, 12, 13] . Integral equation definition of Sumudu transform for the function f (t) in A = { f (t)|∃M, τ 1 , τ 2 > 0, | f (t)| < Me
While for the Discrete equation definition Sumudu of f (t) in A is,
where
is the series (Maclaurin) expansion of function. Thus the variable t Sumudu transforms to variable u. While on the other hand let the variable t inverse Sumudu transform to variable w. Therefore Discrete inverse Sumudu transform (DIST) of f (t) in A is,
Following in the same way inverse Sumudu transform of cos(αt) is given by ber 0 (2 √ aw). For the set of functions taken from [10] , table constituting functions and their inverse Sumudu transform given in Table 3 where certain function definitions given in Table 4 .
In this communication DIST is applied to Whittaker equation and Zettl equation to obtain their solution through known inverse Sumudu transform properties. This work is organised as inverse Sumudu transform properties and DIST methodology description in Section 2, in Sections 3 and 4 respective DIST application to Whittaker equation and Zettl equation followed by Conclusion at Section 5.
2 Inverse Sumudu transform properties Theorem 1. Let F −1 (w) be the inverse Sumudu transform of f (t).
Proof. The proof follows from multiple shifting properties of Sumudu transform [5] .
DIST steps to solve ordinary differential equations with polynomial coeffecients is given in Algorithm 1.
Algorithm 1 DIST methodology
Step 1. Apply inverse Sumudu using Theorem 1 to given differential equation.
Step 2. If the result of Step 1 is integro-differential equation with n integrals, then convert to differential equation by substituting,
Step 3. Find the power series solution of Step 2.
Step 4. Convert G −1 (w) back to F −1 (w) using Eq (8).
Step 5. Apply Sumudu transform to Step 4 which leads to solution f (t) of given differential equation.
DIST application to Whittaker equation
Whittaker equation end point boundary classification in Lebesgue space given in [4, 8] while generalized solutions in [1] . Whittaker differential equation is given by (pp 299, [4] ).
with
Inverse Sumudu application of (9) gives following integro-differential equation.
Removing the integrals of Eq (11) gives,
The power series solutions of Eq (12) with k = 1 and λ = 0 through 6 are given Table 1 . 
.
Next using Step 4 and
Step 5 of Algorithm 1, converting column 3 of Table 1 back to F −1 (w) and applying Sumudu transform gives the solution f (t) of Eq (9) which is given in Table 2 . 
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Graphical behaviour of solutions f (t) of Eq (9) for different values of λ shown in Figure 1 .
Interpretation of results
Following observation made from the study of Whittaker equation with DIST.
• All the solution f (t) in Table 2 are new exact solutions which are verified using Maple and appearing for first time.
• From Table 2 in the solution f (t), for λ = 1 order of the polynomial is one, for λ = 2 order of the polynomial is two. Thus for general λ polynomial of order λ , hence solution
• For λ = 3 gives the exact complex solution.
• For k > 1 in Whittaker equation, DIST gives approximate (or) truncated power series solution.
DIST application to Zettl equation
Zettl differential equation is given by [4] which is related to Fourier equation [2, 11] .
Inverse Sumudu transform of Eq (13) leads to,
Converting Eq (14),
The power series solution of Eq (15) is,
Figure 1: 3D complex plots of solution f (t) of Eq (9) with k = 1 and different values of λ corresponding to column 3 of Table 2 . 
Changing back to F −1 (w) and Sumudu transform application gives the solution of Eq (13) .
Interpretation of results
Following observations made from Zettl equation study through DIST.
• Eq (17) is new exact solution of Zettl equation (13), verified using Maple.
• As the λ value increase solution f (t) forms the cusp shape as can be seen in Figure 2 . 
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Conclusion
In this work an algorithm designed using inverse Sumudu transform DIST to solve differential equations and applied for verification of method to Whittaker and Zettl equations to obtain their new exact solutions. Graphical plots shows the complex plane behaviour of solutions for both equations. Inverse Sumudu transform of certain functions gives Bessel's, Kelvin related functions, Gauss hypergeometric series and modified Struve functions. Extensive list table of inverse Sumudu transform will be useful for further work.
